The Golden Mode for a Baryonic Z' Boson at Hadronic Colliders: 

pp/pp — > WZ' — > ivhb 

Kingman Cheung 1 ' 2 , Jeonghyeon Song 1 
1 Division of Quantum Phases & Devices, School of Physics, 
Konkuk University, Seoul 143-701, Republic of Korea 
2 Department of Physics, National Tsing Hua University, Hsinchu 300, Taiwan 

(Dated: July 1, 2011) 

Abstract 

Associated production of a baryonic Z' boson with the W boson can account for the excess in 
Wjj production observed by the CDF collaboration at the Tevatron. We analyze other possible 
channels of this Z' at the Tevatron and at the LHC, including *yZ' and ZZ' with the Z' — > jj. 
We show that the chances of confirming this baryonic Z' is better at the Tevatron than at the 
LHC because of the faster growing backgrounds at the LHC. Unfortunately the current systematic 
uncertainties of the order of 10% cannot yield any significant excess in both *yZ' and ZZ' channels 
at the Tevatron and also at the LHC. Nevertheless the search using the bb decay mode of Z' is much 
more feasible at the LHC, provided that the branching ratio B(Z' — > bb) > 0.1. In particular, the 
WZ' —7- tvbb mode has a signal-to-background ratio larger than 1. Even with 1 fb" 1 luminosity at 
the LHC it can lead to a high significance level. The WZ' — > Ivbb and ^Z' — > 766 are also highly 
observable at the Tevatron. 



I. INTRODUCTION 



The recent experimental anomaly presented by the CDF collaboration was a 3.2 a excess 
in the invariant-mass window Mjj ~ 120 — 160 GeV of the dijet system of the associated 
production of a W boson Qj. We shall denote it by the CDF Wjj anomaly. The excess 
appears to be a resonance, but the current resolution l] cannot tell whether it is a narrow 
resonance or not. From the distribution we can naively see that the width of the resonance 
appears to be slightly wider than the SM Z boson. There was a public talk jg} very recently 
that analyzed a larger data set of 7.3 fb _1 . The significance of the peak becomes more 
prominent and is at about 4.1a significance level. The extension of the resonance peak 
shifts slightly to 130 — 170 GeV. In the rest of this work, we estimate the SM background in 
this new invariant-mass window 130 GeV < M J? - < 170 GeV and also take Mz> = 150 GeV 



for illustrat 



The CDF anomaly has stimulated a lot of phenomenological activities, 



bosons 



7], others jg], and within the SM 



where explanations can be divided into additional gauge bosons and variations {4-6], scalar 



9. 



In a recent work {4], we proposed a baryonic Z' model to explain the anomaly. The 
reason for being baryonic is that if this Z' has a small leptonic branching ratio, even 0(1)%, 
it would suffer from strong constraints of the Tevatron Z' search in the dilepton mode 10 1 . 
In addition, its mixing with the SM Z boson should be extremely small to be compatible 
with the LEP electroweak precision data 



Barger, Cheung, and Langacker in 1996 



11]. The baryonic Z' model was proposed by 
12| in light of the Rb — R c crisis of the LEP 



precision measurements at that time [13j. Theoretically many extensions of the SM have 
extra U(l) gauge symmetries, and thus additional Z' bosons 14J. An interesting possibility 
is a baryonic Z' from a gauge symmetry generated by the baryon number 15j. Another 
possibility is kinetic mixing of the two £7(1) 's 16| to suppress the leptonic couplings. Here 
we assume that the model can be embedded in an anomaly-free theory. 

Since this baryonic Z' only couples with quarks, strong implications at a hadron collider 
is expected [l^j] such as a single Z' production via s-channel and the pair production pro- 
cesses (W, Z^)Z' with Z 1 — > jj with invariant mass Mjj peaked at Mz>- The s-channel Z' 
production is buried under the QCD background. On the contrary the associated production 
with a W boson has a good chance to appear, which can explain the CDF Wjj anomaly [lj ■ 

1 The D0 collaboration 3[ just announced their result and found no evidence of such a resonance. 
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A natural follow-up question is what other signatures are expected at hadron colliders. 
Also, another question is whether the LHC with higher energies and more luminosities than 
the Tevatron is favorable to probe this baryonic Z 1 model. The first clean signature could 
be the excess in the Zjj and jjj channels. We show through detail analysis that it is hard 
to see the excess in both 7Z 7 — > 7j'j and ZZ' — > e + C-~jj/vvjj channels at the Tevatron 
under the current level of systematic uncertainties and jet cuts. However, with tightened 
jet cuts and improved systematic uncertainties it could be promising to test the model in 
these two channels. We give details and show how to suppress the backgrounds. We also 
analyze the corresponding Wjj, Zjj, and 7jj signals and backgrounds at the LHC with 
center-of-mass energies of 7, 10, and 14 TeV. However, we found that these channels at the 
LHC are not as good as at the Tevatron, because the backgrounds are growing much faster 
with energy than the signals. Nevertheless, we investigate the feasibility of using Z' — > bb 
mode, provided that the branching ratio BiZ 1 -^-bb) > 0.1. We found that the search using 
bb mode would be much more promising than just the regular jets. 

The organization is as follows. We briefly describe the model in Sec. II. We show in Sec. 
Ill the analysis on the Zjj and *yjj channels at the Tevatron, and in Sec. IV on Wjj, Zjj, 
and 7jj at the LHC. We study 766, Zbb, and Wbb at the LHC and at the Tevatron in Sec. 
V. We summarize in Sec. VI. 



II. BARYONIC Z' MODEL 



Following Ref. [171 ]. we consider the Lagrangian describing the neutral current gauge 
interactions of the standard electroweak SU{2) x U{1) and extra ?7(l)'s, given by 

n 

- £ NC = eJ^ + 9aJ^Z° ail , (1) 

a=l 

where Z\ is the SM Z boson and Z° with a > 2 are the extra Z bosons in the weak-eigenstate 
basis. For the present work we only consider one extra Z\ mixed with the SM Z\ boson. 
The coupling constant g\ is the SM coupling gj cos8 w where 8 W is the weak mixing angle. 
In grand unified theories ^/fi^ is 

^= (lsm 2 6 w \) 1/2 ^O.Q2\V 2 , (2) 



9i V 3 

where the factor A ~ 0(1) depends on the symmetry breaking pattern and the fermion 
sector of the theory. 



Since we only consider one additional Z\ we can rewrite the Lagrangian with only the 
Z\ and Z\ interactions: 



C 7 



91 yO 

2 ^ 



For both SM quarks and leptons 



9v 



(i) 



92 7 o 
2 2 " 



9^ 



• (3) 



3L ) 



(4) 



where T^ L and are, respectively, the third component of the weak isospin and the electric 
charge of the fermion i. We consider the case in which Z\ couples only to quarks: 



9l {2) 



€y 



9f ] 



9? ] = gT ] = o . 



(5) 



The parameters ey and are the vector and axial- vector couplings of Without loss of 
generality we choose ey = sin 7 and = cos 7 such that (e v + e\) is normalized to unity: 

(6) 



The mixing of the weak eigenstates Z\ and Z\ to form mass eigenstates Z and Z' are 
parametrized by a mixing angle 9: 




cos 9 sin 9 
■ sin 9 cos 9 




(7) 



After substituting the interactions of the mass eigenstates Z and Z' with fermions are 



C 



ZZ' 



El 



where 



0i 01 



(8) 

(9) 
(10) 

Here we have used the valid approximation cos# ~ 1 and sin9 ~ 9. In the following, we 
ignore the mixing (9 = 0) such that the precision measurements for the SM Z boson are not 
affected, unless stated otherwise. For later discussions, we also express couplings of the Z' 
boson as 

- £ z , = g 2 Z; Ai»{9\lPl + 9' iR P R )A (11) 



where the left- and right-handed couplings are given by g' iL iR = (g 1 ^ ± g 1 ^ )/2 in the limit 
of no Z-Z' mixing. 

The decay width of Z' — > qq is given by 



T{Z> -> qq) = ^i Nc C(M 2 z ,)M z ,VT^ (1 + 2x) + «) 2 (1 - Ax) 



:i2) 



where G F is the Fermi coupling constant, C(M|,) = 1 + a s /7r + 1.409(a s /7r) 2 — 12.77(a s /7r) 3 , 
a s = a s (M^') is the strong coupling at the scale Mz>, x = m 2 /M§,, and N c — 3 or 1 if / is 
a quark or a lepton, respectively. The Z' width is proportional to A, which sets the strength 
of the Z 1 coupling. For A = 1 the total Z 1 width is 

-f- = 0.022 for M z > < 2m t . (13) 
Mz> 

The width would be increased somewhat if there are open channels for decay into the top 
quark, superpartners, and other exotic particles. Essentially, it is a narrow resonance. 



III. UA2 CONSTRAINT AND FIT TO THE CDF Wjj EXCESS 



The dominant production of the Z' boson at a hadron collider is throu gh the qq — > Z' 
subprocess with the cross section in the narrow Z' width approximation of 18] 

.2tt G f M\ 



a{qq -> Z') = K- 



K) +«) * (5 - AffO 



(14) 



3 V2 

The i^-factor represents the enhancement from higher order QCD processes, estimated to 
beK = l-< a4M z> U 



2- 



-| (l + |vr 2 ) ~ 1.3 18 1 . When the mixing is ignored, we have 
W) 2 +K) 2 = (0-62) 2 A 



(15) 



and the cross section is independent of the parameter 7 as long as €y + e\ = 1 . 

Note that all the current and previous dijet-mass searches 19[ at the Tevatron are limited 
to M j:j > 200 GeV, which are not applicable to the present Z' with M z > ~ 145-150 GeV. The 
relevant dijet data were from UA2 collaboration with collision energy at y/s = 630 GeV. The 
UA2 collaboration detected the W + Z signal in the dijet mass region 48 < Mjj < 138 GeV 
and put upper bounds on aBiZ 1 — > jj) over the range 80 < Mjj < 320 GeV 20] . The 
analysis on the UA2 data were shown in Fig. 1 of Ref. 12j: the allowed values are A < 1 
for Mz> = 100 — 180 GeV, given the uncertainty in the K-factor in the theoretical cross 



section calculation and the difficulty in obtaining an experimental bound by subtraction of 
a smooth background. Under the assumption that Z' coupling to the up-type quark is the 
same as that to the down-type quark, the UA2 constraint is therefore given by 



UA2 constraint: A < 1. (16) 

Our phenomenological model does not specify each Z 1 coupling, g' iL and g' iR . The single 
production of Z' in Eq. (j!4p does not depend on the relative size of g' iL to g' iR as long as 
the normalization of (g'n) 2 + {g'iR) 2 = 1/2 holds. Note that the production of ^Z' is also 
proportional to {g'n) 2 + {g'in) 2 because of the vector coupling of the photon with fermions. 
On the contrary, the production of WZ', which may explain the CDF Wjj anomaly, only 
depends on the left-handed coupling because of the presence of the W boson. 



In Ref. 



4|, we have assumed the democratic coupling of Z', and chosen ey = £a = l/\/2, 



or equivalently 

g'iL = sfiR = o. (17) 

Note that the purely left-handed coupling for the Z' boson maximizes a(WZ' — > Wjj) with 
a given value of A. Together with the choice of A = 1, which is maximally allowed by the 
UA2 data, we could explain the cross section of a(WZ') = 4 pb claimed by CDF l|. The 
relative size of g'^/g'^ can have some other combinations if the excess in the CDF data 



is estimated differently, e.g., 2.5 — 4 pb as suggested in some of the papers [5J. If we set 
a(W Z') = 3 pb and A = 1, we have g l £ = an( ^ 9 % R^ = Finally the other channel 

ZZ 1 ', which was shown in Ref. js], depends dominantly on the left-handed coupling: at the 
LHC this dominance becomes more significant. In order to maximize the production of ZZ' 
and WZ' under the UA2 constraint, the choice of couplings is now clear to be in Eq. (1171) . 
In the rest of the paper, we shall stick to this choice. 



IV. WZ', ZZ' AND jZ' PRODUCTION AT THE TEVATRON 

The associated production of Z' with a W boson goes through the t- and w-channel 
exchange of quarks. The s-channel W boson exchange is highly suppressed because of the 
negligible mixing angle between the SM Z boson and the Z'. Consequently, we expect similar 
or even larger cross sections for Mz> ~ Mz than the SM WZ production in which there is a 
delicate gauge cancellation among the t-, u-, and s-channel diagrams. The cross section at 
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the Tevatron energy y/s = 1.96 TeV is about 4 pb for A = 1 and the normalized Z' coupling 
in Eq. (fTTj) . We have included a i^-factor of K = 1.3 to approximate next-to-leading order 
QCD contributions 



As shown in Ref. 



12| other associated production channels, jZ', ZZ', and Z'Z 1 are 



possibly observable, provided that the current excess is due to W Z' production. With the 
same parameters, we have a(ZZ') ~ 1.3 pb, cr^Z') ~ 0.7 pb, and a(Z'Z') ~ 0.4 pb for 
Mz> = 145 GeV. For the acceptance on the final state photon, we have imposed Pt(t) > 
50 GeV and |^( 7 )| < 1.1 [22]. Simply from the signal cross sections, one may tempt to 
conclude that the W Z' channel is the most likely one to be observed, followed by ZZ' and 
7Z 7 '. However, one cannot easily draw this conclusion without working out the corresponding 
backgrounds. The same is also true to the LHC In fact, we shall show in the next section 
that the backgrounds grow faster than the signals such that the situation at the LHC is no 
better than that at the Tevatron. 

The irreducible backgrounds to the ( , -f,W,Z)Z' signals with Z' — > jj arise from the 



(7, W, Z)jj final states. We ca 
It was mentioned in Refs. [l|. 



culate the backgrounds using the MADGRAPH package 23 ]. 



25| that no significant excess is observed in 



24j and in Ref. 

Zjj and jjj channel, respectively. We shall show that with current systematic uncertainties 
of level 10% QBE] and a similar set of jet cuts, no significant excess can be observed in 
both channels. Some improvements are possible if we further tighten the cuts on the jets. 
Details of the signal and background cross sections are summarized in Table HI Here we have 
used an integrated luminosity of 10 fb _1 in deriving the significance. 
The initial choice for jet cuts is the same as the jet cuts in Ref. jlj]: 



Leptonic cuts for Z 



Etj > 30 GeV, \rij\ < 2.4, p Tjj > 40 GeV 



130 GeV < Mjj < 170 GeV 



arc 



and the photon cuts are 



pre > 25 GeV, \ Ve \ < 2.8 



p T ( 7 )>50GeV, \v(l)\ < 1-1 ■ 



(18) 



(19) 



(20) 



In order to understand the lack of the excess in the 7jj and Zjj yet, we first discuss 
these two channels with data for C = 4.3 fb" 1 . For the Zjj channel we have cr S ignai : °bk g d = 



26 fb : 150 fb. It would give a significance of S/(yB@ 0.1B) « 1.5a, where the factor 0.1 
is the systematic uncertainties. With the same set of jet cuts and photon cuts in Eq. ( 120]) 
to the -yjj channel, we obtain o" signa i : Obkgd = 0.5 pb : 8.8 pb, which gives a significance of 
5"/ (\/B®0.1B) ~ 0.5cr. Therefore, we cannot observe any significant excess in both channels 

nn 

at the Tevatron, in accord with the claims in Refs. pj, |25J . 

Nevertheless, if we tighten the jet cuts the backgrounds will suffer more than the signals. 
With 

E Tj > 50 GeV, \r}j\ < 2.4, p Tjj > 40 GeV , 

130 GeV < Mjj < 170 GeV (21) 

and jC = 10 fb -1 , the significance can improve to 2.4er and la for Zjj and jjj channel, 
respectively. If the systematic uncertainties can be reduced to an ideal level of 2 — 3% the 
significance can be further improved to 5a and 4a, respectively. Details of the signal and 
background cross sections are summarized in Table [B 

In Tabled! we also include the channel ZZ' — > vvjj, where we have imposed a transverse 
missing energy cut fix > 40 GeV. Though it may have larger background, it enjoys a larger 
branching ratio of B(Z — > vv). Experimentally, one can combine both the leptonic and 
invisible modes in the search to increase the event rates. 

Note that our method to estimate the significance is very basic simply by taking the sys- 
tematic and statistical uncertainties as independent quantities and adding them in quadra- 
ture. The information on the current systematic uncertainties were gathered in a number 
of CDF papers , |25[ and the thesis in Ref. [26]. The dijet systematic uncertainties in 
the signal region are all about 10%. The significance presented here can only be compared 



my 

i 



to one another in the relative sense. The one presented in the CDF paper [ll was based on 
the true data and through detailed background studies. In order to achieve a significance 
of about 3a in the Wjj channel, we need a systematic uncertainty of 5 — 6% in our basic 
quadrature method, shown in the second last row of Table [U 

Brief comments on the dominance of the systematic uncertainties are in order here. With 
about a 1 pb cross section for a total 10 fb" 1 luminosity, we have about 10 4 events. The 
10% systematic uncertainty (~ 10 3 events) is much larger than the statistical uncertainty 
(~ 10 2 events). Unless there is significant improvement of systematic uncertainty, a larger 
data set does not help to improve our signal since the significance in this case is mainly 
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TABLE I. Signal and background cross sections for yZ' — > jjj, ZZ' — > £ + £ jj, ZZ' — > vvjj, and 
WZ' -)• £vjj at the Tevatron for M z > = 150 GeV, with jet cuts defined in Eqs. (HI]) and ([2T]) . 
Photons cuts for jjj are in Eq. (|2Q|) . the lepton cuts for Zjj — > £ + £~jj are in Eq. ()19j) . and the 
leptonic cuts for Wjj — > £vjj are p-j^ > 20 GeV, |r#| < 1, and Et > 25 GeV. Significance levels 
are calculated with 10%, 6%, and 2% systematic uncertainty, shown in the last three columns, 
respectively, with C = 10 fb~ , 

Jet cuts (Tevatron) <r aignal a bkgd 7g fe^ ^bgg v^®o.02B 

jZ' jjj 

E Tj > 30 GeV 0.49 pb 8.79 pb 0.55 0.92 2.7 

E Tj > 50 GeV 0.28 pb 3.05 pb 0.91 1.5 4.4 

ZZ'^£+£-jj {l = e,n) 
E Tj > 30 GeV 0.026 pb 0.15 pb 1.7 2.6 5.3 

E Tj > 50 GeV 0.015 pb 0.057 pb 2.4 3.6 5.7 

ZZ' uvjj (v = u e , u^, v T ) with E T > 40 GeV 
E T j > 30 GeV 0.12 pb 0.80 pb 1.5 2.5 6.8 

E Tj > 50 GeV 0.072 pb 0.30 pb 2.4 3.8 8.8 

WZ'^lvjj (£ = e,(i) 

E Tj > 30 GeV 0.16 pb 0.92 pb 1.8 2.9 (5%: 3.5) 7.9 

E Tj > 50 GeV 0.096 pb 0.35 pb 2.7 4.4 (5%: 5.2) 10.4 



proportional to S/B. However, we expect that a larger data set would help us understand 
the background better, and thus reduce the systematic uncertainties. 

V. Wjj, Zjj, AND jjj CHANNELS AT THE LHC 

For the SM backgrounds at the LHC, the jet cuts are chosen as 
E Tj > 50 GeV, \r}j\ < 2.5, p Tjj > 40 GeV , 

130 GeV < Mjj < 170 GeV . (22) 
The cuts on the final-state photon are 

p T {j) > 50 GeV, |r/( 7 )| < 2.0. (23) 
9 



The cuts on the final-state charged leptons (electrons and muons) are 

p Te > 25 GeV, |%| < 2.5 . (24) 

We use the same leptonic cuts for the Z — > and W ± — > t^vi, and additional energy 
missing cut in the W decay: 

fi T > 40 GeV . (25) 

We show the cross sections and significance in Table [Til One can see that the signal-to- 
background ratios deteriorate when the energy of collisions increases, simply because the 
backgrounds outgrow the signal rapidly. The significance levels that we can achieve are not 
as good as those at the Tevatron. Unless the systematic uncertainties can be controlled to 
the level of 2%, the observability at the LHC would be hard. 



VI. USING THE Z' bb MODE AT THE LHC AND THE TEVATRON 

Improvement can be made if the Z' boson decays into bb, because both CMS and ATLAS 
experiments have a decent 5-tagging efficiency and a rather low mistag probability j^j • To 
make the analysis simple enough but still semi-realistic we choose the 5-tagging and mistag 
efficiencies to be 

e b « 0.5, e mistag = 0.01 . (26) 
We assume the bb branching ratio of the Z' to be 

B(Z' bb) = 0.15 , (27) 

where this choice is close to the democratic choice and at the same time consistent with 



the dedicated Ivbb search [28| at the Tevatron. The cuts on the 6-quark jets, leptons, and 
photons are the same as those presented in the last section. 

We show the cross sections and significance at the LHC in Table IIHI We can see that the 
backgrounds decrease substantially, because the regular jets are dominated by gluons and 
light quarks. When one demands b quarks, it decreases tremendously. On the other hand, the 
signal is only down by a factor B(Z ; — > bb) here. Then both the signal and background are 
subject to the 5-tagging efficiency. The signal-to-background ratios improve significantly 
in all channels: especially Wbb — > Ivbb has the ratio larger than 1. Even with an easy 
systematic uncertainty of 10% and at 7 TeV with only 1 fb _1 , the Wbb channel is very 
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TABLE II. Signal and background cross sections for yZ' — > jjj, ZZ' — > £ + £ jj, ZZ' — > vvjj, and 
WZ' -> £ujj at the LHC (7, 10, 14 TeV) for M z > = 150 GeV, with jet cuts defined in Eqs. ([22]) . 
Photons cuts for jjj are in Eq. (|23p . the lepton cuts are in Eq. (|24p and in Eq. (|25[) . Significance 
levels are calculated with 10%, 6%, and 2% systematic uncertainty, shown in the last three columns, 
respectively, with the corresponding luminosity C 



LHC 


•^signal 


Cbkgd 


s 


s 


s 


v^BeO.lB 




v^BeO.CKB 














7 TeV (1 fb- 1 ) 


0.83 pb 


40.9 pb 


0.20 


0.34 


0.99 


10 TeV (10 fb" 1 ) 


1.2 pb 


66.6 pb 


0.18 


0.31 


0.91 


14 TeV (100 fb" 1 ) 


1.7 pb 


104.2 pb 


0.16 


0.27 


0.82 




ZZ' -> t+i-jj 


(£ = e,n) 








7 TeV (1 fb" 1 ) 


0.051 pb 


0.72 pb 


0.66 


1.0 


1.7 


10 TeV (10 fb" 1 ) 


0.081 pb 


1.27 pb 


0.64 


1.1 


2.9 


14 TeV (100 fb" 1 ) 


0.12 pb 


2.08 pb 


0.58 


0.96 


2.9 




ZZ' vujj (u 


= "e, U t) 








7 TeV (1 fb" 1 ) 


0.28 pb 


4.92 pb 


0.56 


0.92 


2.3 


10 TeV (10 fb^ 1 ) 


0.46 pb 


9.16 pb 


0.50 


0.84 


2.5 


14 TeV (100 fb" 1 ) 


0.70 pb 


15.6 pb 


0.45 


0.75 


2.2 




WZ' iujj (£ 


= 








7 TeV (1 fb" 1 ) 


0.36 pb 


4.75 pb 


0.75 


1.2 


3.1 


10 TeV (10 fb" 1 ) 


0.57 pb 


8.45 pb 


0.67 


1.1 


3.3 


14 TeV (100 fb" 1 ) 


0.84 pb 


13.8pb 


0.61 


1.0 


3.0 



feasible. On the other hand, the 766 channel needs a better systematic uncertainty in order 
to be observed, and the Zbb —> (£ + £~ /uu)bb needs more luminosity. In conclusions, the 
search using Z' — > bb is far better than regular jets, provided that B(Z' — > bb) > 0.1. 

One may wonder if using Z' — > bb mode at the Tevatron would also be useful. We 
repeat the exercise for the Tevatron and list the signal and background cross sections and 
significance in Table IIVI Note that we require to have double 5-tags and that is the reason 
why the background is reduced so significantly from those shown in Table [H The signal is 
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TABLE III. Signal and background cross sections for ^Z' — > 766, ZZ' — > £ + £ bb, ZZ' — > vvbb, and 
WZ' £vbb at the LHC (7, 10, 14 TeV) for M z > = 150 GeV, with jet cuts defined in Eqs. (p2|). 
Photons cuts for 766 are in Eq. fj23[) , the lepton cuts for Zbb — > £ + £~ bb and Wbb —> Ivbb channels 
are in Eq. (|24|) and in Eq. (|25|) . We have assumed -B-tagging and mistag efficiencies as in Eq. (|26|) 
and branching ratio B(Z' — > bb) = 0.15. Significance levels are calculated with 10%, 6%, and 2% 
systematic uncertainty, shown in the last three columns, respectively. 



LHC 


^signal 


Cbkgd 


s 


s 


s 




\/Bm.06B 


^00.025 




"yZ' —> 766 










7 TeV (1 ib" 1 ) 


0.031 pb 


0.083 pb 


2.5 


3.0 


3.3 


10 TeV (10 ib" 1 ) 


0.046 pb 


0.16 pb 


2.8 


4.5 


9.1 


14 TeV (100 fb- 1 ) 


0.064 pb 


0.28 pb 


2.3 


3.8 


11.0 




ZZ' ^£ + £~bb (£ = e,n) 








7 TeV (1 fb" 1 ) 


0.0019 pb 


0.0031 pb 


1.1 


1.1 


1.1 


10 TeV (10 fb" 1 ) 


0.0030 pb 


0.0065 pb 


2.9 


3.4 


3.7 


14 TeV (100 fb" 1 ) 


0.0045 pb 


0.012 pb 


3.5 


5.5 


10.4 




ZZ' — > vvbb {y 










7 TeV (1 fb- 1 ) 


0.011 pb 


0.017 pb 


2.4 


2.5 


2.5 


10 TeV (10 fb- 1 ) 


0.017 pb 


0.037 pb 


4.1 


5.9 


8.4 


14 TeV (100 fb" 1 ) 


0.026 pb 


0.071 pb 


3.7 


6.0 


15.9 




WZ' -> Ivbb {£ 


= e,n) 








7 TeV (1 fb- 1 ) 


0.014 pb 


0.0047 pb 


6.1 


6.2 


6.2 


10 TeV (10 fb" 1 ) 


0.021 pb 


0.0074 pb 


18.9 


22.1 


24.5 


14 TeV (100 fb- 1 ) 


0.032 pb 


0.011 pb 


27.4 


42.6 


79.1 



only reduced by the branching ratio B(Z' — > bb) and the double -B-tagging efficiency. We 
only show the significance levels with 10% systematic uncertainty, because the significance 
levels are high enough that one should be able to see the excess. According to the significance 
only, the WZ' — > ivbb with double -B-tagging is the most promising channel to probe this 
baryonic Z' boson. Considering the statistically large enough events, jZ' — > 'ybb is also very 
favorable. 
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TABLE IV. Signal and background cross sections for yZ' — > 766, ZZ' — > £ + £ bb, ZZ' — > vvbb, and 
WZ' ivbb at the Tevatron for M z > = 150 GeV, with 6-jet cuts defined in Eqs. flU]) and ff2T|) . 
Photons cuts for 766 are in Eq. (|20p . the lepton cuts for Zjj — > £ + £~ jj are in Eq. (|19p . and the 
leptonic cuts for Wjj — > £vjj are pxe > 20 GeV, \rn\ < 1, and Et > 25 GeV. The -B-tagging and 
mistag efficiencies are as in Eq. (|26p and branching ratio B{Z' — > bb) = 0.15. Significance levels 
are calculated with 10% systematic uncertainty and C = 10 fb -1 . 

fe-Jet cuts (Tevatron) ^signal Q"bkgd y^Beo ib 

7Z' 766 

E Tb > 30 GeV 18.4 fb 22.5 fb 6.8 

E Tb > 50 GeV 10.5 fb 10.3 fb 7.3 

ZZ' ^£ + £~bb (i = e,n) 
E Tb > 30 GeV 0.97 fb 0.59 fb 3.9 

E Tb > 50 GeV 0.56 fb 0.30 fb 3.2 

ZZ' ->■ vubb (v = u e , Up, v T ) with E T > 40 GeV 
E Tb > 30 GeV 4.5 fb 4.1 fb 5.9 

E Tb > 50 GeV 2.7 fb 1.5 fb 6.5 

WZ' -> £i/66 = e, n) 
E Tb > 30 GeV 6.0 fb 2.4 fb 11 

E Tb > 50 GeV 3.6 fb 1.3 fb 9.3 



VII. CONCLUSIONS 

In summary, we have shown that a baryonic Z' boson can explain the excess in the 
invariant-mass window 130 — 170 GeV in the dijet system of Wjj production. Such a Z' 
boson without leptonic couplings is not subject to the current dilepton limits on extra gauge 
bosons. Yet, the strongest constraint comes from the dijet search of the UA2 data, from 
which the size of coupling, proportional to \/A, is constrained to be A ^ 1. With A = 1 we 
are able to explain the required cross section of 4 pb in the excess window. We have also 
shown that it is hard to see the excess in jZ' — > jjj and ZZ' — > £ + £~jj channels at the 
Tevatron under the current systematic uncertainties and jet cuts. However, with tightened 
jet cuts and improved systematic uncertainties it could be promising to test the excess in 

13 



these two channels. 

The situation at the LHC with yfs = 7, 10, 14 TeV does not improve because the back- 
grounds grow with energy much faster than the signal. The signal-to-background ratios drop 
and so do the significance levels. On the other hand, we have shown that if BiZ 1 — \ bb) > 0.1 
we can use the 766, Zbb, and Wbb channels and the observability improves substantially at 
the LHC. In particular, the Wbb — > ivbb mode has a signal-to-background ratio larger 
than 1 and very high significance levels. We urge the LHC experimenters to search for the 
WZ' ivbb as well. 

A similar urge is also applicable to the Tevatron. We have shown that the WZ' — > ivbb, 
ryZ' — y -fbb, and ZZ' — > vvbb channels are observable with the present level of uncertainties. 
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